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域の地形調査には一般的に 10～20 kHz 帯の音波を用い

















に 急 速 に 発 達 し た 自 律 型 無 人 潜 水 機 （ AUV ：
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NATO 海軍はこの頃から NURC（Nato Underwater 




事も試みられ，1995 年頃には Raytheon Electronics 




いる（浅田， 2011）。これまでに Applied Signal 
Technology 社，Thales 社，QinetiQ 社，Ultra Electronics
社および IXSEA 社などから商用の SAS が発売されたが，









振幅 1 のチャープ波 s(t) を数式で表すと次のように
なる。 
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Fig.1. Chirp pulse(top) and compressed pulse(bottom). 
The compressed pulse is a function sinc(αcτ t). 
 











































































































Fig. 3. Adaptive beam-focus. 
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3.  曳航体搭載合成開口ソナーシステム「響竜」 
 
3.1 開発の経緯 



























Fig. 4. Approximation on a sinc waveform. k2 is equal to 
k3+k4 in (a). The horizontal distance k1 between 
the each peaks of the small triangles is equal to 
half of the big triangle's base. When we 
approximate a sinc pulse to an isosceles triangle, 
the amplitude of the pulse peak l2 in (b) which is 
shown as a filled circle in (b), is approximated to 
the sum of amplitude of the open circles in (c). 
 
Fig. 5. A sketch of Kyouryuu system in tow. Upper right: 
The neutral buoyancy tow-fish loading the SAS. 
Lower left: The depressor with a weight and shock 



































2010 年 1 月に初めて海域での着揚収を含む水中動作
を実施後（澤，2010），2010 年 8 月にシステム全体の総
合動作確認を目的として，静岡県沖相模湾の手石海丘付
近（Fig. 8）において海域試験を実施した。図の中央を
Table 1. Sonar specification. 
Frequency 72-80 kHz FM chirp pulse 
Operating Ragne Max. 1000 m 
Beam Width 
6 Deg. in horizon 
70 Deg. in vertical 
Resolution 
9 cm in both along and across 
track 
Depression Angle 20 - 40 Deg. 
Pulse Width 10 ms 
Hydrophone array 
total 1.5m in length with 8 Ch. 
elements 
Projector 
0.4m in length with 1 Ch. 
element 
Depth rating 4000m 
 
 
Fig. 6. Block diagram of Kyouryuu system. 
 
Fig. 7. Onboard electronics. Left: Sonar control PC shows 
sonar status and sonar image before synthesizing, 
and an operator can control embedded PC of the 
sonar on real time. GPS receiver fixes the position 
of sonar on the Earth and necessary for mapping. 
Right: Online synthesizing processor for 
generating synthesized sonar image on real-time. 
 
Table 2. Towfish specification. 
Size 
2.3 m in length 
1.3 m in width 
1.5m in height 
Weight 
100 kg in air 
0 kg in water 
Depth Rating 100 m 
        
Fig. 8. Track of the tow-fish and surveyed area at Sagami 
bay. The sonar images and the sonar attitude at 
the painted square area are processed and shown 
in this paper. 
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Fig. 9. The upper graph shows yaw, roll and pitch of the 
tow-fish. The lower shows those power spectrum. 
 
Fig. 10. Comparison of the Sonar images in different 
sonar signal processing. The left is generated by 
conventional process as a side scanning. The right 













探査は 2011 年 10 月に実施し，若尊カルデラの最深部







時の曳航体は母船後方約 10m，水深約 3m 程度のごく浅
い深度とし，およそ速度は 2.5kt で曳航を行った。曳航
深度が浅いため，海底までの深度がほぼソナーの高度と




























Fig. 11. Kagoshima bay. Wakamiko caldera is at the star.
 
Fig. 12. Hydro-thermal map at Wakamiko caldera. 
Hydro-thermal vents were detected at the ellipse 
areas, and Fig. 13 and 14 are sonar images at the 
areas A and B respectively. 
 
 
Fig. 13. Images taken by the sonar at the mound in the 
caldera. The left is generated by conventional 
process, and right is by synthesizing aperture 
process with the adaptive beam-foucus. we can see 
the filament-like reflections in the circle at the 
right image. 
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ける C 領域）および南端部（Fig. 12 における D 領域）
には，露岩や生物生息域と考えられる地形を検出するこ







果である。Fig. 14 は若尊カルデラ最深部（Fig. 12 にお
ける B 領域）の音響画像である。同様に左がサイドスキ
ャンソナー相当の処理，右が合成開口ソナー処理による



















2.5kt という SAS としては浅い深度での高速曳航を行う









































Fig. 14. Images taken by the sonar at the bottom in the 
caldera. The left is generated by conventional 
process, and right is by synthesizing aperture 
process with the adaptive beam-focus. Unevenness 
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Ocean bottom survey with synthetic aperture sonar around 
hydro-thermal vents 
 





A sonar, a kind of remote-sensing device with sonic wave in water, have been used in fishery for over 60 
years. Sonars are essential devices to survey ocean bottom and generate the ocean bottom map. A synthetic 
aperture sonar has performance over several times higher than conventional sonar, so we expect the synthetic 
aperture sonar to be applied in surveying natural resources at ocean bottom. 
We developed a neutral buoyancy tow-fish as a stable platform equipped with synthetic aperture sonar for 
ocean resource survey. In the system, the synthetic aperture sonar sends wide sonic pulses and receives its 
echoes compensating the sonar motion, by changing the array directivity. The phase errors are minimized by 
the compensation. And we propose a calculating method to acquire a peak of amplitude in a sinc function from 
two sampled data near the peak. It enables a decimation of the recorded data after the pulse compression, 
keeping a resolution of sonar image and compensating a sonar motion. Synthetic aperture process can be done 
over 100 times faster with this methods than without it. The tow-fish is neutral buoyancy by using floats, and 
has a depressor that prevents mother ship's rock propagating to the tow-fish by the tow-line. An Ether line is 
within the ROV cable or the towline of the tow-fish. So the sonic signals are transferred to the mother ship 
immediately, and we can look ocean bottom on real time. Besides, the sonar conditions are checked and the 
sonar parameters are changed at any time. We named the surveying system Kyouryuu. 
The survey of 7 km2 ocean bottom was conducted in the Wakamiko Caldera in Kagoshima Bay, October. 
In the survey, existence of more hydro-thermal vents than we previously confirmed was revealed. 
Filament-like reflections of sonar signals were detected in the east side of the 100-m sea mound. The images 
depicted rocks and rugged topography which are considered to be suitable for tubeworm habitation. At the 
caldera floor, topographic relief patterns apparently distinguishable from the surrounding muddy sediments 
were identified even in areas absent of the filament-like reflections. This indicates a possible change of 
hydrothermally active sites over the course of time. 
 
Keywords: Hydro-thermal vents, seabed mapping, sonar, synthetic aperture, Wakamiko caldera 
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